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Abstract

Background: COVID-19 is a viral disease caused by severe
acute respiratory syndrome corona virus 2 (SARS-CoV-2),
first described in 2019, with a significant impact on everyday
life since then. In December 2020, the first vaccine against
COVID-19 from BioNTech/Pfizer was approved for the first
time. However, little is known about the immune response
to vaccination in patients with inflammatory bowel disease
(IBD) and immunomodulators or biologics. The aim of our
study was to investigate antibody response to SARS-CoV-2
vaccination in patients with IBD receiving immunomodula-
tors or biologics compared to healthy controls. Methods:
This was a single-center study with a retrospective observa-
tional design. Seventy-two patients with ulcerative colitis or
Crohn’s disease were included. Matching data from 72
healthy employees of our hospital were used as the control
group. Data were matched by propensity score to patients
with IBD. Blood samples were taken from both groups for
antibody response, and both groups received an accompa-
nying questionnaire. Results: Sixty-five (90.3%) patients of

the IBD group reported taking immunomodulatory therapy.
The mean antibody level for all IBD patients was 1,257.1 U/
mL (standard deviation [SD] 1,109.626) in males and 1,500.1
U/mL (SD 1142.760) in female IBD patients after full vaccina-
tion. Compared to the healthy group, reduced antibody re-
sponse could be detected (IBD group 1,383.76 U/mL SD
1,125.617; control group 1,885.65 U/mL SD 727.572, p <
0.05). In this group, blood samples were taken with an aver-
age of 61.9 days after the first vaccination. There was no vac-
cination failure in the IBD group after 2 vaccinations. After
the first vaccination, side effects, including muscle pain, pain
at the injection site, and fatigue, were reported more often
in IBD patients than in the control group (total symptoms
IBD group 58.3%, control group 34.5%, p < 0.007). The op-
posite occurred after the second vaccination when side ef-
fects were higher in the control group (total symptoms IBD
group 55.4%, control group 76%, p = 0.077). There was a
trend to a reduced immune response in elderly patients. Dis-
ease duration and concomitantimmunomodulatory therapy
(TNF-alpha blockers, interleukin inhibitors, integrin inhibi-
tors, methotrexate, or azathioprine) had no impact on the
immune response. However, longer time to last medication
given and time passed to vaccination in patients with IBD
seems to have a positive impact on antibody levels. Conclu-
sion: Overall, we could show a high antibody response to
vaccination with COVID-19 in all patients with IBD after 2
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vaccinations. Vaccination was well tolerated, and no other
adverse events were detected. Concomitantimmunomodu-
latory therapy (TNF-alpha blockers, interleukin inhibitors, in-
tegrin inhibitors, methotrexate, or azathioprine) had no im-
pact on seroconversion. Further evaluation of antibody titers
over time is mandatory to detect early the need for re-vacci-

nation in these patients. ©2021 S. Karger AG, Basel

Introduction

COVID-19 is a viral disease caused by severe acute re-
spiratory syndrome corona virus 2 (SARS-CoV-2), first
described in 2019 [1]. Currently, more than 3.8 million
cumulative patients in Germany suffer from SARS-CoV-2
[2]. Rapid development of vaccination against COVID-19
was a key challenge in the resolution of the COVID-19
pandemic. In December 2020, the first vaccination against
COVID-19 from BioNTech/Pfizer was approved [3], fol-
lowed by Moderna and AstraZeneca vaccines [4]. Several
further vaccines have been approved or are on the way
[5].

The risk of COVID-19 infection in patients with in-
flammatory bowel disease (IBD), including Crohn’s dis-
ease (CD) and ulcerative colitis (UC) is similar to the
general population [6-9]. Although there are clear rec-
ommendations for vaccination against SARS-CoV-2 in
IBD patients [10-12], knowledge about seroconversion
rates and response in IBD patients, especially with immu-
nomodulatory therapies or biologics, are scarce. These
patient cohorts were excluded in the pivotal trials of CO-
VID-19 vaccinations, and published data are still rare
[13]. In this single-center cohort study, we aimed to define
antibody response to SARS-CoV-2 vaccination in patients
with IBD receiving immunomodulators or biological ther-
apies compared to healthy controls.

Materials and Methods

Study Population

This was a single-center study with a retrospective observa-
tional design. The study was performed at the University Hospital
Augsburg, Germany, in accordance with the Declaration of Hel-
sinki and Good Clinical Practice.

Seventy-two patients with IBD (IBD group) at our outpatient
clinic were consecutively included in our study and in our CO-
VID-19 registry (COKA registry). Data from 72 healthy employees
(control group) included in the COVID-19 registry of University
Hospital Augsburg (COKA registry) were used as a control group
and matched with propensity scores to patients with IBD. The
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COKA registry aims at collecting data regarding infection with
SARS-CoV-2 and COVID-19 vaccinations. The collection of data
on vaccination from employees of our hospital is performed vol-
untarily and pseudonymized.

Data on vaccinated employees analyzed in this study were in-
cluded in the COKA registry between January 01, 2021 and May
19, 2021; data on vaccinated IBD patients were collected between
May 19,2021, and June 24, 2021. A standardized blood sample was
collected from employees and patients with IBD and analyzed on
the same day.

In addition, both groups received an accompanying ques-
tionnaire (online suppl. 1, 2; for all online suppl. material, see
www.karger.com/doi/10.1159/000521343) containing information,
e.g, on age, sex, immunosuppressive medication, chronic dis-
eases or immunodeficiency, allergies, and clinical symptoms after
vaccination.

All included employees received both vaccinations with
BNT162b2 vaccine from BioNTech/Pfizer, with the second dose
administered 3 weeks after the initial vaccination. Employees in-
cluded in our study had no chronic diseases or any immunomod-
ulatory therapies.

IBD patients received various vaccine combinations, with the
majority being administered with the same vaccine, such as
BNT162b2 vaccine from BioNTech/Pfizer, Moderna, or Astra-
Zeneca upon first and second vaccination. However, due to chang-
ing recommendations of the “Stindige Impfkomission” (STIKO)
from the Robert-Koch Institute in Germany, some patients receiv-
ing vaccination with the AstraZeneca vaccine upon first vaccina-
tion were administered with a second dose of BioNTech/Pfizer or
Moderna vaccine. IBD patients were treated with different immu-
nosuppressive therapies such as TNF-alpha blockers, interleukin
inhibitors, integrin inhibitors, methotrexate, or azathioprine. The
primary purpose was to analyze the early antibody response for
patients with IBD with or without immunomodulators or biolog-
ics compared to healthy controls after 2 vaccinations.

Test Method

The collected serum samples were tested in the in-house labo-
ratory for the presence of SARS-CoV-2 antibodies (IgG) against
the receptor-binding domain of the spike protein (S) using immu-
noassays Elecsys® Anti-SARS-CoV-2S (Roche Diagnostics, Ger-
many). In brief, the quantitative result (sensitivity 99.85%, speci-
ficity 99.98% linear measuring range is between 0.4 and 2,500 U/
mL) was evaluated according to the manufacturer’s specifications.

Statistical Analysis

For comparison of response to vaccination and seroconversion
between patients with IBD and healthy controls, propensity scores
were used to create a cohort of matched healthy study participants
with equal distribution of baseline characteristics such as gender,
age, days since first vaccination, and history of reduced immune
response to previous vaccinations (IBD patients compared to
healthy employees).

Data were initially analyzed descriptively with categorical vari-
ables presented as absolute frequencies and percentages and con-
tinuous variables described with means and standard deviations
[SDs]. Dependencies between categorical variables were analyzed
using the x* test. A comparison of means was conducted using the
Mann-Whitney-U test. The relationship between categorically
scaled variables was analyzed, applying Spearman’s rank correlation.
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Table 1. General demographics of IBD and control group and vaccination types applied at first and second

vaccination in IBD patients

IBD group Control group p value
n % n %
Sex
Male 34 47.2 35 48.6
Female 38 52.8 37 51.4 0.868
Age (mean) 48.4 (SD = 15.236) 46.3 (SD = 12.460) 0.371
Days since vaccination 56.4 (SD =31.485) 61.9 (SD = 26.064) 0.257
1st vaccination
BioNTech/Pfizer 59 81.9 72 100.0
Moderna 2 2.8 0 0.0 0.001
AstraZeneca 11 15.3 0 0.0
2nd vaccination
BioNTech/Pfizer 64 92.6 72 100.0
Moderna 4 59 0 0.0 0.064
AstraZeneca 1 1.5 0 0.0
Several vaccinations
No 59 81.9 62 86.1
Yes 4 5.6 5 6.9 0.515
Unknown 9 12.5 5 6.9

The significance level was defined at p < 0.05. p value of 0.05 was
regarded as significant, a p value of 0.01 was regarded as highly
significant. Data management, descriptive, and inference-statistical
analysis were conducted using IBM SPSS Version 27.

Results

General Patient Demographics

Out of 72 patients included in the IBD group, 47.2%
were male. Seventy-two patients in the control group
(48.6% male) were included. In IBD patients, the mean
age was 48.4 (SD 15.236) years and 46.3 (SD 12.460) years
in the control group. Days since the last vaccination were
similar in both groups: 56.4 SD 31.485 days in IBD group,
61.9 SD 26.064 in the control group. Overall, no signifi-
cant differences were detected between both groups con-
cerning baseline characteristics such as sex (p = 0.686),
age (p=0.371), and days since last vaccination (p = 0.257)
or history of reduced immune response to previous vac-
cinations requiring additional doses (p = 0.515). The type
of vaccination applied differed significantly between both
examined groups (p < 0.001 first vaccination AstraZene-
ca). All included employees received both vaccinations
with BNT162b2 vaccine from BioNTech/Pfizer, with the
second dose administered on the 21st day after the initial
vaccination.

Crohn’s Disease, Ulcerative Colitis, SARS-
CoV-2, and Vaccination

IBD group received various vaccine combinations,
with the majority being administered with the same vac-
cine, such as BNT162b2 vaccine from BioNTech/Pfizer,
Moderna, or AstraZeneca upon first and second vaccina-
tion. However, due to changing recommendations of the
STIKO, some patients who had initially received the As-
traZeneca vaccine, were subsequently vaccinated a sec-
ond time with the BioNTech/Pfizer or Moderna vaccine.
Seven patients received different vaccines upon first and
second vaccination. Fifty-nine patients (81.9%) received
the first vaccination with BioNTech/Pfizer, 11 (15.3%)
with AstraZeneca, and 2 patients with Moderna (2.8%).
Sixty-four patients (92.6%) underwent the second vacci-
nation with BioNTech/Pfizer, 4 patients (5.9%) with
Moderna, and 1 patient (1.5%) with AstraZeneca vaccine.
Patient demographics are given in detail in Table 1.

Clinical Characteristics of Patients with IBD

In patients with IBD, 40 patients had CD (55.6%) and
32 (44.4%) patients had UC. The mean disease duration
was 13.01 (SD 10.613) years. Three patients suffered from
SARS-CoV-2 infection, in all 3 cases asymptomatic
(4.2%); 69 patients were not infected (95.8%). Sixty-five
(90.3%) patients of the IBD group reported taking immu-
nomodulatory treatment. The remaining 7 (9.7%) were
not under permanent immunomodulatory therapy. Most
of the patients (27, 37.5%) were treated with TNF-alpha

Dig Dis 3
DOI: 10.1159/000521343



Table 2. Patient characteristics of IBD group concerning current medical treatment, application intervals, and mode
of application

Category Dimension n %
IBD CcD 40 55.6
ucC 32 444
Duration of IBD 13.01 (SD=10.613)
COVID-19 infection Yes 3 42
No 69 95.8
Treatment Immunosuppression total 65 90.3
Steroids 2 2.8
Mesalazine 24 333
Azathioprine 1 14
Methothrexate 1 14
Calcineurin inhibitor 0 0.0
TNF blocker 27 37.5
Integrin inhibitor 19 26.4
JAK inhibitor 0 0.0
Ustekinumab 14 19.4
Other therapies 0 0.0
Application interval in weeks 0 1 1.6
1 2 32
2 9 14.5
4 5 8.1
5 2 3.2
6 6 9.7
7 1 1.6
8 36 58.1
Mode of application v 34 47.2
p.o 1 14
s.C 22 30.6

blockers. Integrin inhibitors such as vedolizumab consti-
tuted the long-term therapy of 19 (26.4%) patients. Four-
teen (19.4%) patients reported taking interleukin inhibitors
(ustekinumab). One patient reported (1.4%) taking meth-
otrexate or azathioprine, respectively. Calcineurin inhib-
itors, JAK inhibitors, or other therapies were not applied
in any therapy of included IBD patients. Only 2 (2.8%)
patients received steroid medication at the time of blood
sampling (1 patient with adrenal insufficiency and 1 pa-
tient with an acute IBD flare; low-dose steroids were giv-
en in both patients). Twenty-four patients (33.3%) had a
concomitant therapy which included mesalazine.
Patients also indicated the interval at which immuno-
suppressive therapy was administered. Most of the pa-
tients received their therapy every 8 weeks (n = 36, 58.1%),
14 of them were taking interleukin inhibitors, 11 each
took TNF-alpha blockers or integrin inhibitors. One of
the patients with a TNF-alpha blocker therapy every 8
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weeks received additional azathioprine every 8 weeks.
Seven week-intervals were reported by 1 patient (1.6%) in
his use of a TNF-alpha blocker. An interval of 6 weeks was
reported by 6 patients (9.7%), 2 of them were taking inte-
grin inhibitors, and 4 TNF-alpha blockers. Five weeks
were reported by 2 (3.2%) patients, both were taking
TNF-alpha blockers. A 4-week interval was reported in 5
patients (8.1%) — 3 of them were taking TNF-alpha block-
ers and 2 of them integrin inhibitors. Nine IBD patients
(14.5%) had an application interval of 2 weeks, of which
5 patients received TNF-alpha blockers and 4 patients re-
ceived integrin inhibitors. Two (3.2%) had only 1 week
between the doses - 1 patient was under a therapy with
methotrexate, and 1 was receiving a TNF-alpha blocker.
In 34 patients (47.2%), immunosuppressive therapy was
administered intravenously. Twenty-two (30.6%) patients
received their therapy subcutaneously. Only 1 (1.4%) had
an oral substitution. Details are listed in Table 2.
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Table 3. Reported side effects after first

and second vaccination in IBD and control IBD group Control group p value
group n % n %
Symptoms 1st vaccination
Total of symptoms 42 58.3 20 345 0.007
Muscle pain 15 20.8 6 16.7 0.606
Fever 3 4.2 1 2.8 1.000
Joint pain 7 9.9 4 11.1 1.000
Local redness 4 5.6 0 0.0 0.299
Pain injection side 31 43.1 15 41.7 0.891
Fatigue 22 30.6 5 14.3 0.096
Nausea/vomiting 1 14 1 2.8 1.000
Diarrhea 2 2.8 0 0.0 0.551
Symptoms 2nd vaccination
Total of symptoms 31 55.4 19 76.0 0.077
Muscle pain 9 16.1 7 28.0 0.213
Fever 5 8.9 5 20.0 0.162
Joint pain 6 10.7 10 40.0 0.004
Local redness 0 0.0 2 8.0 0.093
Pain injection side 14 25.0 12 48.0 0.041
Fatigue 20 357 10 40.0 0.712
Nausea/vomiting 0 0.0 2 8.0 0.093
Diarrhea 1 1.8 1 4.0 1.000

Reported Side Effects after Vaccination

The data on experienced side effect after first vaccina-
tion was reported completely by 62 study participants
(49.3% total, n = 42 [58.3%] in IBD group, n = 20 [34.5%]
in the control group) and after second vaccination by 50
(34.7%) study participants (n = 31 [55.4%] in the IBD
group, n = 19 in the control group). In the IBD group, 42
(58.3%) patients described more side effects after their
first vaccination (p < 0.007) compared to the control
group (n = 20, 34.5%). The most frequent complaints
were muscle pain occurring in 15 (20.8% IBD vs. n =
6/16.70% control p = 0.606) patients, pain at the injection
site (31 [43.1% IBD vs. 41.7% controls p = 0.891], or fa-
tigue [30.6% IBD vs. 14.3% controls, p = 0.096]), while a
minority of patients reported fever, vomiting, joint pain,
local redness, or diarrhea. Similar complaints occurred
after the second vaccination (with pain at the injection
site, fatigue, muscle pain, and fever being the most fre-
quent complaints).

In the control group, 34.5% suffered from side effects
after their first vaccination. Mainly muscle (16.7%) and
joint pain (11.1%), pain at the injection site (41.7%), and
fatigue (14.3%) were described. After their second vacci-
nation, 76% in the control group had numerically more
side effects than in the IBD group (muscle pain in 28%,
fever in 20%, joint pain in 40.0%, and pain at injection site
48%) (Table 3).

Crohn’s Disease, Ulcerative Colitis, SARS-
CoV-2, and Vaccination

Association of Immune Response with Medical

Therapies

All patients with IBD developed an immune response
after full vaccination. The mean antibody titer accounted
for 1,257.1 U/mL (SD 1,109.626) in male patients and
1,500.15 U/mL (SD 1,142.760) in female patients (p = 0.419).

Overall, there was no significant difference in antibody
levels between the 3 different vaccines received upon first
vaccination (p = 0.904). The highest antibody titer after
the first vaccination was detected in the group receiving
the AstraZeneca vaccine with 1,432.16 U/mL (SD
1,236.874), followed by BioNTech/Pfizer vaccine with
1,375.76 U/mL(SD 1,113.815) and Moderna with 1,349.50
U/mL (SD 1,627.053) antibody titer levels. Regarding the
second vaccination, the antibody level was higher in the
group administered with Moderna accounting for
1,924.75 U/mL (SD 1,150.500) followed by BioNTech/
Pfizer with 1,434.62 U/mL (SD 1,108.420). In 1 person
receiving AstraZeneca as the second vaccine, an antibody
level of 48.2 U/mL was detected. The vaccine adminis-
tered the second time did not influence the antibody
levels (p value 0.332). Patients who received different vac-
cines upon first and second vaccination showed a sub-
stantially higher antibody level of 2,226.71 U/mL (SD
723.046) compared to the group who received the same
vaccine twice (1,353.14 U/mL [SD 1,118.728]), this differ-
ence was not significant (p = 0.181).
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Table 4. Antibody response (in U/mL) in IBD group, depending on
different medication given

IBD group Mean SD p value
Sex
Male 1,257.10 1,109.626 0419
Female 1,500.15 1,142.760 ’
1st vaccination
BioNTech/Pfizer 1,375.76 1,113.815
Moderna 1,349.50 1,627.053  0.904
AstraZeneca 1,432.16 1,236.874
2nd vaccination
BioNTech/Pfizer 1,434.62 1,108.420 0332
Moderna 1,924.75 1,150.500 ’
AstraZeneca 48.20
Different vaccines
No 1,353.14 1,118.728 0181
Yes 1,226.71 723.046 ’
Need for several doses in earlier vaccination
No 1,387.63 1,136.033
Yes 1,420.4 1,262.718  0.939
Unknown 1,342.56 1,135.979
IBD
cD 1,349.90 1,100.590 0417
ucC 1,425.02 1,171.744 ’
Total
No 1,203.64 1,243.153 0513
Yes 1,403.46 1,120.987 ’
Mesalazine
No 1,386.61 1,120.415
Yes 1,378.18 1,159.923 0.830
TNF-alpha blockers
No 1,554.28 1,138.505
Yes 1,105.88 1,066.817 0.063
Integrin inhibitors
No 1,295.74 1,104.166 0.163
Yes 1,624.66 1,178.682 ’
Interleukin inhibitors
No 1,320.25 1,125.969
Yes 1,642.32 1,127.557 0335
Total 1,383.76 1,125.617

The kind of IBD disease had no significant effect on
the level of antibody titers (p = 0.417). The same was ob-
served for the type of medication, such as mesalazine
(1,378.18 U/mL, SD 1,159.924, p = 0.830), TNF inhibitors
(1,105.88 U/mL, SD 1,066.817, p = 0.063), integrin in-
hibitors (1,624.66 U/mL SD 1,178.682, p = 0.335), and
IL-12/IL-23 antibody (1,642.32 U/mL SD 1,127.557, p =
0.335) (Table 4). IBD patients needing several doses in
prior vaccinations had similar antibody levels compared
to IBD patients with no need for re-vaccination (1,420.4
U/mL vs. 1,387.63 U/mL, p < 0.939).
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Table 5. Antibody response (in U/mL) in control group

Control group Mean SD p value
Sex
Male 1,257.10 1,109.626 0415
Female 1,500.15 1,142.760 ’
Need for several doses in earlier vaccination
No 1,899.42 724.826
Yes 1,325.00 739.268 0.339
Unknown 2,275.60 501.774
Total control group 1,885.65 727.572 0.05

In the control group, the mean antibody titer was
1,257.10 U/mL (SD 1,109.626) in male participants; in fe-
males, the mean was 1,500.15 U/mL (SD 1,142.760, p val-
ue 0.415). Employees with no repeated vaccination doses
in prior vaccinations had numerically higher antibody ti-
ters (1,899.42 U/mL SD 724.826) compared to employees
with the need for several doses in prior vaccinations
(1,325.00 U/mL, SD 739.268, p value 0.339) (Table 5).

Lower Antibody Titer in Elderly Patients

A trend toward lower antibody titers in elderly patients
was observed in both examined groups (p = 0.230 IBD and
p = 0.177). However, these associations were not statisti-
cally significant (0.1 < p > 0.05). There was a significant
correlation between antibody response and time or days
since the first vaccination: in patients with IBD, antibody
titers were positively associated with days between last vac-
cination and blood sample taken (p = 0.387, p < 0.01),
whereas in the control group, antibody titers negatively
correlated with the days after the first vaccination (p =
-0.287,p <0.05). The days between vaccination 1 and 2 had
no impact on antibody response in both groups. Further-
more, in IBD group the antibody titer level was positively
associated with alonger time interval of the last medication
given, the longer it had been since the last medication in-
take, the higher the level of antibody titers were. The ap-
plication intervals were between 1 and 8 weeks (online
suppl. Table 1). However, this association was marginally
not significant (p =0.221,0.1 < p > 0.05). Disease duration
had no impact on antibody response (Table 6).

Discussion
Our study cohort could demonstrate a comparable an-

tibody response to SARS-CoV-2 vaccination after full
vaccination in all patients with IBD compared to healthy
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Table 6. Correlation of antibody response
in IBD and control group to age, days since
vaccination, days between vaccination,
disease duration, and last medication
given

Age Days since Days between Disease Time between
vaccination vaccinations  duration last medication
given and
vaccination
IBD group -0.230° 0.387** 0.063 0.038 0.221°
Control group -0.177° -0.287* -0.106 X X

Level of significance. ** p < 0.01.* p < 0.05.°0.1 > p > 0.05.

controls. Although there was a significant difference in
antibody response in patients treated with various immu-
nosuppressive therapies or biologics compared to con-
trols (IBD: 1,383.76 [1,125.617] vs. control: 1,885.65 [SD
=727.572] p < 0.05), all IBD patients developed an excel-
lent antibody response while receiving a variety of immu-
nomodulatory therapies.

So far, it was shown that patients treated with infliximab
might have attenuated serological responses after an infec-
tion with SARS-CoV-2 compared to healthy controls [14].
Regarding antibody formation after vaccination against
SARS-CoV-2 in patients with infliximab, little is known.
But it could have been shown that when additional immu-
nosuppressant medication was used, the responses were
even lower [15]. This aspect was observed in other vaccina-
tions, e.g., pneumococcal vaccination in patients with IBD
[16]. In 96 patients taking infliximab or a combination im-
munosuppressive therapy, response to this vaccination was
significantly lower than control patients receiving mesala-
zine exclusively [16]. In addition, patients with IBD seem to
have an impaired immune response to influenza vaccina-
tion, especially when undergoing simultaneous treatment
with infliximab or immunomodulators [17, 18].

Up to now, only a few studies have reported antibody
responses to SARS-CoV-2 vaccination in patients with
IBD. In one study, 27 patients were monitored after their
second vaccination with SARS-CoV-2. Patients were ei-
ther treated with infliximab or vedolizumab. After their
second vaccination, 85% (17/20) with infliximab treatment
and 86% (6/7) with vedolizumab treatment experienced a
seroconversion [15]. A recently published study included
atotal of 12,231 patients with IBD. In both groups (CD and
UCQ), vaccination with BNT162b2 mRNA COVID-19 vac-
cine was highly effective [19]. Despite this huge patient co-
hort of 12,231 patients, only for a minority of these patients
included, detailed information about the IBD treatment
applied was provided (12 patients with 5-ASA, 3 patients
with anti-TNF, 1 patient with methotrexate).

Another study with 48 patients showed a 100% se-
ropositivity after the second vaccination. In this group,

Crohn’s Disease, Ulcerative Colitis, SARS-
CoV-2, and Vaccination

BioNTech/Pfizer and Moderna were administered. How-
ever, lower antibody levels were found in patients with
vedolizumab and partially for anti-TNFs in this cohort
[20]. A recently published study with 28 patients demon-
strated a SARS-CoV-2-antibody response in 71.4% of
IBD patients compared to 85.2% of 27 control patients
[21]. One further study with 6 patients on immunosup-
pressive therapy showed a lower antibody response to
COVID-19 vaccination [22].

Sixty-five (90.3%) patients in the IBD group reported
taking immunomodulatory therapy (27/37.5%) were
treated with TNF-alpha blockers, vedolizumab was used
in 19 (26.4%) patients, 14 (19.4%) had ustekinumab, 1
patient (1.4%) was treated with methotrexate, and 1 pa-
tient (1.4%) with azathioprine, respectively. Only 2
(2.8%) patients were on steroid medication. 24 (33.3%)
had a therapy that included mesalazine. Disease dura-
tion (13.01 years, SD = 10.6) indicates that patients with
long lasting more severe courses with the need for more
intensive therapy were included in our study. However,
disease duration had no impact on antibody formation
in our study.

Overall, the antibody response was highly effective
and prevalent in all patients with IBD after 2 vaccina-
tions compared to the matched control group after full
vaccination. The mean antibody levels for all IBD pa-
tients were 1,257.1 U/mL in males and 1,500.15 U/mL
in female patients. In general, slightly decreased anti-
body response compared to the healthy control group
could be detected. There was no vaccination failure in
the IBD group. Stable antibody titers were reached in
patients treated with either mesalazine, TNF-alpha
blocker, integrin inhibitors, or interleukin inhibitors.
As in published data described above, antibody levels
did differ from controls while receiving immunomod-
ulatory therapies.

After the first vaccination, stable antibody responses
were measured for all vaccinations used in IBD patients:
with BioNTech/Pfizer, the antibody titer was 1,375.76 U/
mL (SD 1,109.626); with Moderna, the titer was 1,349.5 U/
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mL (SD 1,627.053) and with AstraZeneca the titer was
1,432.16 U/mL (SD 1,236.874). Overall, there was no sig-
nificant difference in antibody levels between the vaccines
used in our study (p value 0.904). The antibody levels after
second vaccination were 1,434.62 U/mL (SD 1,108.2),
1,924.75 U/mL (SD 1,150.5), and 48.2 U/mL for BioNTech/
Pfizer, Moderna, and AstraZeneca, respectively. Again, no
significant differences between the individual vaccines
could be detected (p value 0.332). Since all employees in the
control group received BioNTech/Pfizer exclusively for
both vaccinations, data comparison of patients with Mod-
erna or AstraZeneca vaccines was not possible.

Whether patients had UC or CD did not affect the
level of antibody titers (p value 0.417). Sex did not in-
fluence antibody titer either, although female patients
had higher antibody titers than men. Currently, no of-
ficial cutoff value has been established, which guaran-
tees sufficient protection against COVID-19 [23]. Our
in-house recommendations regard a value above 10-
15 U/mL as a sufficient response to the SARS-CoV-2
vaccination. All patients in the IBD group therefore
reached sufficient antibody response according to our
guidelines.

There was a trend toward lower antibody titer in el-
derly patients. However, the differences were not statisti-
cally significant. This is in accordance with published data
where lower rates of antibody responses in immunocom-
petent elderly patients are described after 2 doses of vac-
cination [24, 25]. This patient population might be of par-
ticular interest in tight monitoring of antibody levels over
time to early detect patients with a need of re-vaccination.
In general, all patients in the IBD (48.4 years, SD 15.2) and
control group (46.3 years, SD 12.4) were younger than 60
years. Further studies are necessary to address the course
of antibody titer over time in elderly patients with IBD.

There was a significant correlation between antibody
response and time or days since the first vaccination with
stronger correlations within the IBD group (p < 0.05) and
lower within the control group (p < 0.01). However, the
days between vaccination 1 and 2 had no impact on anti-
body response in both groups. We found a trend to high-
er antibody responses in patients with IBD who had a
longer time to the last medication applied.

In the IBD patients, side effects after the first vaccina-
tion were higher compared to the control group, includ-
ing muscle pain, pain at injection site, and fatigue. The
opposite occurred after the second vaccination, when side
effects were described as higher in the control group with
similar leading symptoms after the first vaccination. In
our study cohort, no further adverse events occurred, es-
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pecially in patients with IBD compared to data described
in current literature [4, 26]. But only a small part of pa-
tients in both groups responded to this issue in the ques-
tionnaire provided.

A limitation of our study is that not all patients could
have blood drawn at a predefined given time. Blood sam-
ples were taken at different times after first or second vac-
cination. Furthermore, compared to the healthy control
group, some patients in the IBD group received a differ-
ent vaccine for first, second, or both vaccinations. The
aim of the evaluation was to demonstrate an immune re-
sponse in immunosuppressed patients with IBD inde-
pendent of the vaccine applied.

In addition, it must be mentioned that the complet-
ed questionnaires were filled out retroactively by the
patients themselves. A subjective assessment and re-
evaluation by medical staff did not take place again. So,
side effects after first and second vaccination were not
recorded in all patients. Due to laboratory capacities,
the determination of antibody values above 2,500 U/
mL with further titrations was not possible and levels
are limited to this value.

In conclusion, our study could show a 100% antibody
response to vaccination against COVID-19 in patients with
IBD and immunomodulatory therapies after 2 vaccinations.
Antibody response was high in IBD patients even after the
first vaccination — however, antibody levels were lower in
IBD patients compared to controls. Overall, vaccination was
well tolerated and no further or new adverse events were
detected in IBD patients compared to healthy controls.
There was a trend to reduced immune response in elderly
patients; however, this was not significant. Disease duration
and concomitant immunomodulatory medical therapy
(TNF-alpha blockers, interleukin inhibitors, integrin inhib-
itors, methotrexate, or azathioprine) had no impact on the
immune response. However, the time between the last med-
ication given and the vaccination seems to have a positive
effect on antibody response in IBD patients. Further evalu-
ation of antibody titers over time is mandatory to detect ear-
ly the need for re-vaccination in patients with IBD.
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